Background: Pulmonary veno-occlusive disease (PVOD) and pulmonary capillary hemangiomatosis (PCH) are rare causes of pulmonary hypertension. There is no proven medical therapy to treat these diseases, and lung transplantation is thought to be the only cure. Administration of vasodilators including epoprostenol sometimes causes massive pulmonary edema and could be fatal in these patients.
ulmonary veno-occlusive disease (PVOD) and pulmonary capillary hemangiomatosis (PCH) are rare causes of pulmonary hypertension, and their categories have been changed at every World Symposium on Pulmonary Hypertension. 1, 2 The latest clinical classification of pulmonary hypertension categorized these diseases as Group 1' considering the similarity of risk factors and the genetic mutations in idiopathic pulmonary arterial hypertension (IPAH). 3, 4 Continuous intravenous infusion of epoprostenol decreases pulmonary vascular resistance and improves the prognosis of IPAH, 5, 6 and it has become a standard therapy for IPAH. However, the indication of epoprostenol for other subgroups of pulmonary hypertension including PVOD and PCH is controversial. A few patients with PVOD have been reported to show amelioration by application of epoprostenol. 7, 8 In contrast, other reports have warned that epoprostenol precipitates severe pulmonary edema in patients with PVOD or PCH, 9,10 which never occurs in patients with IPAH. This is why epoprostenol is not widely accepted as a standard therapy for PVOD and PCH.
Montani et al reported the possible efficacy of epoprostenol for PVOD as a bridge to lung transplantation. 11 They successfully treated 12 patients (10 patients with PVOD proven by pathological studies and 2 patients with a clinical diagnosis of PVOD) for 210 days with a maximal dose of 13 ng · kg -1 · min -1 of epoprostenol. This was the first report to show the clinical application of epoprostenol therapy in a series of patients with PVOD. However, no reports have described the successful OGAWA A et al.
application of epoprostenol for PCH. We report on 8 patients (6 patients with PVOD and 2 with PCH) whose diagnoses were confirmed by pathological examination, and who were treated with a higher dose of epoprostenol and for a longer period than previously reported. With great caution, epoprostenol was safely applied and improved the clinical status in all patients. Careful application of long-term epoprostenol therapy appears to be a safe option and results in a favorable therapeutic outcome in patients with PVOD and PCH.
Methods
We treated patients with pulmonary hypertension with epoprostenol at 2 institutions (Okayama University Hospital and National Hospital Organization Okayama Medical Center, Okayama, Japan) between April 1999 and April 2010. Diagnosis of pulmonary hypertension was made according to a standard diagnostic algorithm including physical examination, chest radiograph, blood tests including screening for the cause of secondary pulmonary hypertension, pulmonary function testing, transthoracic Doppler echocardiography, and right heart catheterization. 12 Eight patients had the clinical diagnosis of pulmonary hypertension, which was finally determined to be PVOD or PCH, in this study period. We performed a standardized chart review from the medical records to extract clinical data from them retrospectively. We compared clinical, hemodynamic, and radiographic data before and after application of epoprostenol. Data after epoprostenol treatment were obtained at the time when patients achieved the best values for the cardiac index by right heart catheterization.
Seven patients underwent pulmonary function tests when first admitted to our hospital. Vital capacity and forced expiratory volume at 1 s were calculated by using standard formulas. Diffusion capacity of the lung for carbon monoxide (DLco) was measured by the single-breath method and expressed as %DLco (% predicted). Cardiac catheterization was routinely performed at baseline before starting epoprostenol therapy and then repeatedly after starting epoprostenol therapy according to the patients' condition. Chest radiographs were obtained from all patients at the initial visit and were repeatedly taken according to their status. All patients underwent high-resolution computed tomography (CT) of the chest to define coexisting conditions, including pulmonary venous congestion, pulmonary arterial enlargement, atelectasis, or pleural effusion.
Titration of Epoprostenol Therapy
Epoprostenol therapy was initiated at a dose of 0.25-0.5 ng · kg -1 · min -1 , and the dose was gradually titrated upward in increments of 0.5-1.0 ng · kg -1 · min -1 , based on adverse effects and tolerance. When the cardiac index was below 2.0 L · min -1 · m -2 , continuous intravenous catecholamines were added to epoprostenol therapy. On adjusting the dose of epoprostenol, we paid careful attention to hypotension and signs of deterioration of heart failure and pulmonary edema. When the patients' chest radiographs showed deterioration, we stopped increasing the dose of epoprostenol and added diuretics or intravenous infusion of catecholamines, depending on the severity of pulmonary edema. After improvement, titration of the dose of epoprostenol was resumed.
Pathological Examination
No open or thoracoscopic lung biopsy was performed in any of the patients, because all patients were severely ill and they were considered intolerable to a lung biopsy. Lung specimens were obtained by living-donor lobar lung transplantation (LDLLT) or autopsy. Lung tissue was fixed in 10% formalin. Histological sections were stained with hematoxylin and eosin stain and elastica-Masson's trichrome stain.
Statistical Analysis
Results are reported as mean ± standard error of the mean. Differences between groups in variables measured at baseline and after epoprostenol therapy were tested by the paired t-test. Differences were considered statistically significant at a P value of <0.05.
Results

Baseline Data, Pathological Findings and Outcome
Eight patients undergoing epoprostenol therapy had the histological diagnosis of PVOD or PCH ( Table 1) . The patients included 4 males and 4 females with a mean age of 26.0±3.4 years at the time of diagnosis of pulmonary hypertension. At baseline, 4 patients with PVOD were in the World Health Organization (WHO) functional class III and the other 4 patients (PVOD, n=2; PCH, n=2) were in the functional class IV. All patients showed a high mean pulmonary artery pressure (PAP) and 4 patients showed a marked decrease in %DLco as low as below 40%.
Two patients (patients 4 and 5) were finally diagnosed with PCH and the other cases were diagnosed with PVOD. Representative histology is shown in Figure 1 . In all cases, foci of After epoprostenol therapy, at the time when patients achieved the best values for cardiac index; final, at the time of lung transplantation or death; time from initiation, time from initiation of epoprostenol therapy; dose, dose of epoprostenol. Epoprostenol Therapy in PVOD and PCH centrilobular congestion were observed at low magnification, and characteristic dilatation of alveolar capillaries was observed at a higher magnification ( Figure 1A) . Hemosiderinladen macrophages were often observed in the alveolar space. PVOD was characterized by marked stenosis and occlusion of small intrapulmonary veins ( Figure 1B) . Vessel walls were thickened by intimal fibrous proliferation. In patients 4 and 5, invasive proliferation of capillaries were also observed in the walls of bronchi and arteries, leading to the diagnosis of PCH ( Figure 1C) . These capillaries were engorged and tortuous. Four patients successfully underwent LDLLT and the remaining 4 patients had no suitable living donors of the lung and finally died while awaiting cadaveric lung transplantation. The causes of death were respiratory failure or concomitant respiratory infection. No patient died from adverse effects of epoprostenol itself.
Patient Characteristics Before Epoprostenol Therapy
Patient characteristics before epoprostenol therapy are shown in Table 2 . All patients were in WHO functional class III and IV. The 4 patients who were in WHO functional class IV could not walk because of severe oxygen desaturation at baseline. The other 4 patients in WHO functional class III could only walk approximately 200 m (Figure 2A) . Plasma BNP levels were not always elevated. Three patients showed low BNP levels in spite of the severity of their general condition and inability to walk. For the pulmonary function test, 2 patients showed mild restrictive defects (62% and 72%), and another patient showed a mild obstructive defect (65%). Overall, lung function was within normal limits (%vital capacity: 86.4±6.3%; forced expiratory volume at 1 s: 77.4±3.1%) except for low %DLco (45.8±8.6%). All patients manifested pulmonary hypertension with a mean PAP of 61.5±8.1 mmHg on right heart catheterization. Pulmonary capillary wedge pressure and right atrial pressure were within the normal range in all patients. In 4 patients, the cardiac index was lower than 2.0 L · min -1 · m -2 .
Efficacy of Epoprostenol Therapy
Patients were cautiously treated with epoprostenol for 387.3± 116.3 days (range, 102-1,063 days) (Table 3; Figure 2B ). The maximum dose of epoprostenol given was 55.3±10.7 ng · kg -1 · min -1 (range, 21.0-110.5 ng · kg -1 · min -1 ). Patients who had no chance to undergo a lung transplantation had epoprostenol therapy applied for 528.0±216.6 days and the maximum dose was 63.9±19.0 ng · kg -1 · min -1 . The best value for cardiac After the application of epoprostenol, the WHO functional class improved at least temporarily to class II or III in all patients. The mean 6-min walk distance significantly increased from 97.5±39.2 to 329.4±34.6 m (P<0.001) (Table 2; Figure 2A ). As mentioned above, plasma levels of BNP were not always elevated at baseline. In patients who had high BNP levels prior to epoprostenol therapy, BNP levels were significantly reduced after therapy. In total, the mean BNP levels were significantly reduced from 381.3±136.8 to 55.2±14.4 pg/ml (P<0.05). The mean cardiac index significantly improved from 2.1±0.1 to 2.9±0.3 L · min -1 · m -2 (P<0.05). However, the mean PAP and right atrial pressure did not change between before and after epoprostenol therapy. Although mixed venous oxygen saturation was increased and pulmonary vascular resistance was decreased after epoprostenol therapy, these differences were not statistically significant.
Associated Therapy
Associated therapy before and after epoprostenol therapy is shown in Tables 2 and 3 . At baseline, anticoagulation and diuretics were used in all patients, digitalis was given in 4 patients (patients 2, 5, 6, and 7), and no calcium channel blockers were used in any of these patients. An endothelin receptor antagonist, bosentan, was used in 2 patients (patient 7: 125 mg/day; patient 8: 250 mg/day) and a phosphodiesterase 5 inhibitor, sildenafil, was used in 2 patients (patient 3: 60 mg/day; patient 7: 40 mg/day). The doses of bosentan and sildenafil were unchanged during epoprostenol therapy. Catecholamines were not used at the time when patients achieved the best values for the cardiac index. Anticoagulation was discontinued in 2 patients (patients 3 and 4) based on our previous report regarding the risk of alveolar hemorrhage induced by concomitant use with epoprostenol. 13 Digitalis was stopped in patient 5 who manifested bradycardia. All other medications were unchanged after epoprostenol therapy.
Radiographic Changes and Oxygen Supplementation During Epoprostenol Therapy
All 8 patients manifested atypical radiographic features as IPAH at baseline (Table 4; Figure 3) . Their chest radiographs revealed not only dilated pulmonary arteries and enlargement of the heart, but also peripheral interstitial infiltrates in both lung fields, and sometimes prominent septal lines. High-resolution CT scans showed pleural effusion, thickened interlobular septa, bilateral ground-glass opacities, and a mosaic pattern of lung attenuation. Lymphadenopathy in the mediastinum, which is sometimes observed as a reactive adenopathy in PVOD, was detected in 1 patient with PVOD and 2 patients with PCH. After initiation of epoprostenol therapy, all patients' chest Xrays or CTs showed thickened interlobular and intralobular septae and an increased density of interstitial opacities. Three of them also showed an increase in pleural effusion. At that time, we temporarily stopped increasing the dose of epoprostenol and added diuretics and/or intravenous infusion of catecholamines. After congestion improved, we started to titrate the dosage of epoprostenol again.
Before epoprostenol therapy, patients required oxygen supplementation with 2.9±0.3 L/min ( Table 5) . At the time when patients achieved the best values for cardiac index, patients needed 3.3±0.4 L/min of supplemental oxygen. As the dose of epoprostenol was increased, patients showed deterioration of oxygen desaturation and an increase in interstitial infiltrates on chest X-rays. They finally needed an oxygen supplement at a significantly higher flow (10.8±0.8 L/min) than they did before epoprostenol therapy (P<0.01).
Discussion
Among a variety of diseases that can lead to pulmonary hypertension, PVOD and PCH are especially rare, and their classification has been changed at all the World Symposiums on Pulmonary Hypertension. In the previous classification of pulmonary hypertension, they were categorized in a subgroup of pulmonary arterial hypertension, termed "pulmonary arterial hypertension associated with significant venous or capillary involvement". 2 In the most recent Dana Point classification, these diseases are classified as Group 1', similar to but with some differences from Group 1, because of their similarities in histological changes, clinical presentations, risk factors and having shared mutations in the BMPR2 gene, similar to that for IPAH. 3 The prognosis of PVOD and PCH is still unknown because of the rareness of the disease. It is believed to be poor, with most patients with PVOD dying within 2 years from the initial presentation. 7 Most PCH patients rapidly progress to death over several months of the clinical disease. 14 In the last decade, PAH-targeted drugs have improved the survival of patients with PAH. 6,15, 16 However, no medical treatment has been proven to improve the survival of patients with PVOD and PCH. Therefore, patients with PVOD and PCH have a higher mortality and a lower chance of survival compared with patients with IPAH.
Currently, lung transplantation is the only method to cure these diseases and patients who desire it are placed on the list for lung transplantation as soon as possible. 4 However, there are few organ donors available to undergo cadaveric lung transplantation. In Japan, where organ transplantation has been recently introduced, chances of transplantation are very limited and the mean waiting time for lung transplantation is reported to be approximately 3 years. In most cases, it is difficult for patients to survive for this long period of time considering their poor prognosis. Although LDLLT is expected to be an alternative for cadaveric lung transplantation, there are more strict criteria for donors of LDLLT. 17, 18 Not all patients and their families who desire to receive lung transplantation can 19 However, its indication for PVOD and PCH is still controversial. Some reports have cautioned against the possibility of causing massive pulmonary edema by application of epoprostenol for patients with PVOD or PCH. 9,10 Application of epoprostenol for PVOD or PCH might be unsuccessful because when the pulmonary arterioles dilate and resistance of the pulmonary veins remains fixed, transcapillary hydrostatic pressure might increase and pulmonary edema might occur. 20 In contrast, some patients with PVOD have been reported to show temporary amelioration by application of epoprostenol. 7, 8 There is 1 case report that showed that long-term epoprostenol therapy improved exercise capacity and pulmonary hemodynamics in PVOD. 8 The authors concluded that in this case, the administration of epoprostenol played a role in the regulation of vascular tone in pulmonary venules rather than in the pulmonary arteries. Detailed hemodynamic measurements showed that microvascular pressures initially increased during an infusion of no more than 6 ng · kg -1 · min -1 of epoprostenol, but at higher doses, cardiac output increased and the calculated pulmonary vascular resistance decreased. 21 To the best of our knowledge, there are no reports that have described patients with PCH being successfully treated with epoprostenol.
We administered epoprostenol to 8 patients with PVOD or PCH because they had no other therapeutic option besides lung transplantation. In our cases, we cautiously administered epoprostenol, starting with a low dose. When we increased the dose of epoprostenol too quickly, an imbalance of dilatation between pulmonary arterioles and veins occurred. However, if we slowly increased the dose in a step-wise manner and used diuretics or inotropes as necessary, the transcapillary hydrostatic pressure decreased and we could avoid severe pulmonary congestion.
For the successful treatment of PVOD and PCH with epoprostenol, early recognition and diagnosis of PVOD/PCH are essential in addition to the careful application of epoprostenol. A lung biopsy is the only method of definitively diagnosing PVOD and PCH. However, in most cases, it is difficult to perform a lung biopsy because of the severity of the patients' condition. This is why it is important to clinically diagnose PVOD/PCH with available data and results of examinations. It is vital to be aware of poor oxygenation, low DLco, and distinct radiographic findings to diagnose or suspect PVOD and PCH. 20, 22 In the present study, all patients presented with marked oxygen desaturation on exertion and a severe decrease in DLco. Their chest radiographs and high-resolution CT scans revealed radiographic findings that were characteristic for PVOD and PCH, but not IPAH (Table 4; Figure 3 ). 14, 23 Early recognition of PVOD/PCH in patients with pulmonary hypertension is possible based on these clinical and radiographic characteristics. This might lead to careful introduction and dose adjustment of epoprostenol and to successful treatment of these complicated diseases.
The present study showed that as a result of epoprostenol therapy, clinical and hemodynamic data were improved (Table 2; Figure 2) , at least temporarily. All patients were critically ill before starting epoprostenol therapy. The mean 6-min walk distance, which is reported to correlate well with the prognosis in IPAH, was significantly increased after therapy. Our data showed that epoprostenol significantly improved exercise capacity and increased cardiac output of patients with PVOD or PCH, but did not decrease PAP and right atrial pressure, which are known to determine the survival of IPAH. 24 This might be one of the reasons why patients eventually showed deterioration. Most patients showed maximal improvement within half a year after starting epoprostenol therapy. In some cases, with cautious control of epoprostenol therapy, there is a possibility of longer survival than previously reported. The dose of epoprostenol given at the time when patients showed maximal improvement in clinical status was 24 ng · kg -1 · min -1 , regardless of whether they could undergo LDLLT. Although they could walk further in the 6-min walk test because of increased cardiac output with epoprostenol therapy, patients showed deterioration of interstitial infiltration in chest X-rays and CT scans and needed a higher flow of supplemental oxygen. Considering severe oxygen desaturation and limited prognosis with epoprostenol therapy, further studies are required to determine better therapeutic strategies to treat PVOD and PCH.
Conclusions
We applied epoprostenol treatment to 8 patients with atypical clinical and radiographic findings such as IPAH. Histological findings revealed that 6 patients had PVOD and the other 2 patients had PCH. Epoprostenol was applied at a higher dose and for a longer period than previously reported cases, and worked as a bridge to lung transplantation for 4 patients. It was also applied in 4 patients who had no chance to undergo lung transplantation. All patients showed temporary amelioration in WHO functional class, exercise capacity, and cardiac index with long-term epoprostenol therapy. When patients are suspected of having PVOD or PCH by characteristic clinical and radiographic findings, careful application of epoprostenol can be considered as a bridge to lung transplantation or as the only method to improve their clinical condition because they have no other therapeutic options.
